Formative Assessment Case Studies (FACS) are an e-learning resource consisting of a case scenario punctuated with decision-making steps (multiple-choice questions) and feedback for wrong answers. FACS was developed to enhance clinical decision-making skills.
What should be taught to final year medical students about anaesthesia changes with every passing decade and the anaesthesia curriculum has reflected the changing needs of new doctors. Up to 50 years ago, every student was taught how to give a simple anaesthetic because there were few specialist anaesthetists and the junior house surgeon would give the anaesthetic. However, when anaesthesia became a profession and only doctors with specialist training performed anaesthesia, it was removed from the medical curriculum 1, 2 . In the late 1970s, cardiopulmonary resuscitation became established into medical practice and every doctor needed to be taught this skill 3 . Anaesthesia was reintroduced into the curriculum with the aim of teaching skills such as airway management and intravenous cannulation rather than anaesthesia 4 . In the 1980s there were calls for better teaching of postoperative pain relief 1 and a growing interest in what aspects of anaesthesia should be taught 5, 6 . The 1990s witnessed an expansion of the need to teach practical skills 7 and all manner of manikins were developed to teach clinical procedures. Today's junior hospital doctors work in a very different environment to their predecessors 50 years ago. Many high-risk hospitalised patients now receive complicated surgery and hi-tech treatments, such Anaesthesia and Intensive Care, Vol. 37, No. 4, July 2009 as patient-controlled analgesia, oxygen therapy, respiratory support, insulin infusions and advanced cardiovascular monitoring. Our newly qualified doctors are expected to supervise these patients and their treatments. Anaesthesia departments can play an important educational role to prepare medical students to take on this role on graduation.
The development of easily accessible computer technology has resulted in innovative medical educators trying to create effective interactive webbased learning materials, some with formative (assessment) ability 8 . These are reusable learning objects that can potentially be used from any computer with an internet connection, thus removing most restrictions on locations and times for students to participate in this part of their education 9 . While not every medical school has a fully integrated electronic curriculum allowing course management through curriculum mapping and student access to their study materials, it seems that is one of the directions in which medical education is heading.
To supplement our teaching of preoperative assessment and prepare our future doctors for their house officer years, we explored the use of an interactive e-learning tool called Formative Assessment Case Studies (FACS) that was being developed by our orthopaedic and surgical colleagues 9 . We wrote six of these FACS and made them accessible to students via the departmental website. We were also able to monitor and study the use of these FACS by each of the students as they logged on to the system. The present paper describes these six anaesthesia FACS items and assesses their use by final year medical students who attended the 2006 to 2007 academic year .
THE ANAESTHESIA CURRICULUM
The Chinese University provides a two-week anaesthesia rotation for its final year medical students. Students attend morning clinical sessions with an anaesthetist and a number of small group tutorials and workshops (Table 1) . When possible, students are also rostered to afternoon preoperative assessment rounds with an anaesthetist. Assessment of the students' anaesthesia rotation is with a 40item multiple-choice question (MCQ) examination paper and two marked written case reports. Course material is made available on our departmental website and this includes access to a number of electronic or e-learning resources.
The main objectives of our anaesthesia course are to: 1) give students a general overview of anaesthesia, 2) reinforce the physiology behind important clinic management topics such as intravenous and oxygen therapy, 3) reinforce the teaching of a number of important resuscitation clinical skills, 4) alert students to the dangers of certain routine hospital procedures such as giving intravenous antibiotics or local anaesthetic agents, and 5) teach students about perioperative care to a level that they can be helpful to the anaesthetic team in their house officer year. Critical care medicine is taught on a one-week course elsewhere in the final year 10 . Our final goal, considering the overall medical curriculum and teaching professional competences, was 6) to contribute to the teaching of the 'core learning skill' of clinical decision making.
With reference to our last two objectives, after graduation our students will work in the hospital as surgical house officers, usually for six months. They will be the primary doctors who prepare patients for surgical procedures. They will also have to manage many of the problems that arise after surgery, such as nausea and vomiting, postoperative pain and technical problems such as faulty analgesia delivery systems and issues concerning intravenous access. The anaesthesia department relies on the competence of these doctors when clerking and preparing patients for surgery for the smooth running of its service. Thus it is desirable to provide our students with some training in preoperative assessment. In addition to didactic teaching, placements of each student to a staff anaesthetist for at least one week so that the student can observe first-hand how patients are assessed for anaesthesia would be an excellent educational tool. Unfortunately, the logistics of organising this type of one-to-one bedside teaching in a busy teaching hospital with large numbers of medical students, limited access to surgical patients and anaesthesia staff who frequently have complex clinical and professional roles, make this type of tuition impractical in many medical schools, including ours. Hence, alternative teaching strategies are needed. Thus, our interest in using an e-learning approach and assessing its effectiveness.
METHODS AND MATERIALS Subjects
Our final year medical course is divided into four ten-week modules shared equally between medicine and surgery. Anaesthesia takes up two weeks of one of the surgical modules. groups of eight to ten students are rotated to anaesthesia four times per ten-week module, a total of 16 groups per year. Surgical modules are based within the one teaching hospital site. During the anaesthesia rotation, students were shown how to access and use FACS. They log in using their student identification number and password. The medical faculty provides adequate computer terminals within the hospital and its medical library for its students to have easy access to the internet and its web-based teaching material. The site can also be accessed from home or the student hostel.
The FACS system
FACS was recently developed by our faculty following the award of a major teaching development grant. The objective was to facilitate student study through e-learning and to teach clinical decisionmaking skills. Thus, FACS has many similarities with the original patient management problems, a computerised case-based testing tool, used to assess clinical decision-making ability 11, 12 .
A software 'engine' was written to deliver FACS. A repository for cases was set up, as well as a data management system. These were stored on a dedicated computer server kept in the Teaching and Learning Resource Centre at our hospital.
Cases which are presented as a FACS comprise a series of interactive web pages that contain information about a clinical scenario. The case is first constructed as a text document which is loaded into the FACS engine. A template has been designed to facilitate the design and writing of FACS scenarios. The scenario and clinical data can be presented using a variety of different media techniques ranging from simple text descriptions to digital images, annotated figures and video recordings. Thus, the student can be provided with pictures, laboratory results, X-rays and other information to inform the clinical scenario. The student works his or her way through the case by reading and studying the clinical material and answering MCQs (decision-making steps) which, if correct, allow him or her to progress through the case. Answers can be single or multiple responses and there is no limit to the number of choices which can be provided. It is notable that currently the FACS engine only supports having one correct answer. An incorrect answer results in feedback explaining why it is wrong and the student is then able to make a more informed choice when repeating the decision step. If the student finds that a question is too difficult it can be skipped after the second attempt. Thus, FACS is a network of linked web pages or decision steps through which the student progresses. The principle behind FACS is that the student has to use clinical reasoning to progress through the case and feedback corrects or reinforces his or her thinking, thereby enhancing clinical decision-making skills. Clearly, a FACS is only as good at enhancing these skills as its design and content. Thus, a good FACS contains decision-making steps that require reasoning based on the clinical material provided, rather than using memory recall. Comparison can be made with writing MCQ items where type K1 items require only recall skills, such as selecting the date of the first public demonstration of general anaesthesia, where type K2 items require reasoning skills, such as selecting the best method of pain management given clinical details of a postoperative patient 13, 14 .
FACS also provides feedback to the student in the form of a running score and aggregate percentage mark. Marks are awarded for each correct answer, however wrong but creditable answers also gain some marks. FACS can also be set up to run without feedback or visible marking (summative) and used for examination purposes. The ideal length for a FACS scenario is undetermined, but we have Anaesthesia and Intensive Care, Vol. 37, No. 4, July 2009 been designing scenarios with between five and 15 decision steps.
As logging into the system requires the student's unique identification number, the usage of FACS and performance of each student can be recorded. The data management system enables control over who can access the bank and who can use specific FACS scenarios. The bank currently contains over 200 FACS case scenarios. Some these cases have been written and are used by other medical schools.
Anaesthesia FACS scenarios
Approval for this work was granted by the Survey and Behavioural Research Ethics Committee of the Chinese University of Hong Kong. During the spring of 2006 we wrote six FACS to supplement our teaching of the anaesthesia module. The first three scenarios addressed the assessment of a patient for anaesthesia, while the last three dealt with the perioperative management of common medical conditions and included diabetes, heart disease and chronic bronchitis ( Table 2) . Heart disease was more difficult to address in a single FACS scenario because it encompasses many different conditions, such as hypertension, valvular heart disease, ischaemic heart disease and chronic heart failure. This topic was therefore incorporated across several FACS scenarios ( Table 2) . Supplementary notes on useful anaesthesia topics were also provided, which could be accessed via the cases. An anaesthesia FACS website or front page was created which facilitated user access. Anaesthesia students were given access to the website on the first day of their module and shown how to use the site. A suggested order to work through these FACS was provided ( Table 2 ). Students were instructed to complete all six FACS during the two-week module. They were also encouraged to visit each item more than once and spend time exploring each FACS. However, usage of the website and FACS was voluntary.
Each FACS consisted of 17 to 24 consecutive web pages, not including feedback pages, with nine to 13 decision-making steps ( Table 2 ). Each decisionmaking page provided four to nine possible answers. The student was instructed on the number of required selections. We tried to limit the number of selections to three or less, or the question became too difficult. For example, students could be asked to select the most appropriate treatment (singleanswer selection) or the most appropriate set of investigations (multiple-answer selections). Each step usually carried a maximum 20 marks. Total marks for each FACS ranged from 190 to 280. FACS was first introduced into our course in July 2006 and its usage for that academic year was recorded.
Analysis of usage
The FACS management system recorded every login, user identification, time spent on each step and marks awarded. These data were downloaded onto a spreadsheet from the server after the final year examination for analysis. We also collected other indices of student learning and performance for the anaesthesia module including the marks from the MCQ examination and the two written The main steps involved in routine anaesthetic assessment and planning.
2 Laboratory data (to be done in week 1)
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An elderly woman has a traumatic hip fracture.
Abnormal preoperative laboratory investigation results and how they should be managed. 4 Diabetes (to be done in week 2) 16 9
A 49-year-old diabetic man is admitted with a back abscess.
Perioperative care of the diabetic patient, planning of cases and the ASA scoring system.
5 Chronic lung disease (to be done in week 2) 21 13
An elderly man with chronic bronchitis for a total abdominal gastrectomy.
Assessment and risks in a patient with chronic lung disease having major surgery. 6 Heart disease (to be done in week 2) 18 10 A 25-year-old woman is admitted with an ectopic pregnancy.
Fluid resuscitation in a patient with an acute abdomen and preoperative evaluation of a heart murmur.
case reports, student-teacher evaluation scores and comments. Our analysis of FACS was mainly descriptive. We were primarily interested in the number of successful or worthwhile logins, which we defined as completion of over half the FACS, and the number of completed cases, which we defined as the student reaching the final log out step, rather than limited visits in which one or two steps were performed. We were also interested in the number of times a student logged into a particular FACS, the total login time spent on each FACS and the number of steps used to complete the FACS (completed cases only). We also analysed the scores achieved by each student when performing each FACS.
Indices of FACS usage derived from the database (i.e. logins, completions, steps, login times and marks) and the indices of student learning and performance (i.e. MCQ and case report marks) were compared using multiple linear regression analysis.
RESULTS
There were 150 final year medical students enrolled for the academic year 2006 to 2007, of which 149 had a user ID (student number) and password to login to the FACS website.
Eighty-one percent of students logged on to and used our website. Fifty-three percent did all six cases, 17% did five cases and 9% did one to four cases (a case being counted if over half of the steps were completed). The most used case was preoperative assessment (81%). About two-thirds of the students (61 to 70%) completed all steps in the cases and logged out. About one-fifth of the students (17 to 28%) repeated one or more cases and completed them two or more times ( Table 3 ). The average number of logins per case by each student was 1.4 to 1.5 times.
The minimum number of steps needed to complete each FACS ranged from 16 to 24. The average student needed between 23 and 41 steps to complete each FACS. The diabetes case required the smallest number (44% more) and the chronic lung disease case the greatest number (95% more) of additional steps ( Table 4 ). The maximum attainable score for each FACS ranged from 190 to 280. None of the students achieved a perfect score. The median percentage score attained by students varied greatly between each case. The lowest scores were seen in the preoperative assessment case (38% of maximum marks) and the highest in the spinal anaesthesia (80% of maximum marks) ( Table 4 ). When a case was repeated the mean score on completion was increased by 7 to 11%.
The duration of each FACS usage when plotted against frequency of use was bimodal (Figure 1 ). Some students would login for a relatively short period of time of less than 10 minutes and rapidly work through the FACS pages, while others would spend up to 30 to 60 minutes on the FACS, presumably exploring feedback and reading the supplementary material. This resulted in a tendency to a bimodal distribution of usage, best seen in the preoperative assessment, diabetes and heart disease cases (Figure 1 ). The median time for a student to login and complete a case ranged from 13 to 20 minutes, but this time could vary greatly with 25% of students finishing the case within five to seven minutes and 25% taking over 22 to 35 minutes (Table 3) .
Participation in FACS varied over the duration of the academic year. In the first half of the year FACS was used by over 80% of the class. In the 10 weeks leading up to the end of year medicine and surgery final examination, FACS was used by less than half the class (Table 5 ). Student-teacher evaluation questionnaires for the second half of the year scored FACS on a par with teacher performance, which is generally highly rated on our course. (The questionnaire was only updated to include FACS halfway through the year.) The student evaluation assessed items such as written case reports and acute pain rounds positively but lower than FACS. Student free-text comments regarding our course were limited, one to two per group. Comments included "FACSs are very useful" and "great if more of them". There were no negative comments about our FACS.
Student MCQ performance correlated with some of the indices of FACS usage (r 2 =0.18 to 0.21: P <0.05). There was a much stronger correlation between the written case report scores, particularly the one written second, and the indices of FACS usage (r 2 =0.24 to 0.32: P <0.01) ( Table 6 ).
DISCUSSION
The main outcomes of our analysis of usage of our six anaesthesia FACSs are that 1) FACS was well received and used by our students and 2) when used, they enhanced learning of perioperative planning and patient management, as demonstrated by the positive correlation with written case report marks (Table 6) .
FACS was used by the majority (80%) of students on our anaesthesia course, except in the final 10-week module leading up to the final medicine and surgery examination, when logins fell below 50% ( Table 5 ). The medicine and surgery components of the course tend to dominate our final year course and it is a problem common to the academic departments less well represented in the curriculum, such as anaesthesia, ear nose and throat surgery and ophthalmology, for students attending these courses to become less engaged with the current speciality rotation around examination times (Table 5) . It is also difficult to know how many students accessed FACS without logging in, as sharing of computer terminals or reading printed versions of the scenarios was possible. Unauthorised duplication of teaching material is common practice in our part of the world. Thus, more students may have used FACS than was evident from the login data. Furthermore, some of the FACS scenarios were used at times for tutorial teaching and therefore may have been read but not accessed by some students.
In particular, the chronic lung disease case was used on several occasions for classroom teaching and this FACS carried the lowest usage and completion scores.
To improve the usage of FACS by our students we could have made them compulsory and even incorporate them into our assessment. Tracking usage and performance would be easy using the FACS data management system. Passing thresholds for number of cases completed, time spent logged in and percentage marks attained could be easily set. In recent years we have not kept an attendance register for our course, because we have run a policy of giving our students responsibility for their own class attendance. However, analysis of FACS usage, particularly around examination time (Table 5) , would suggest that learning in year 5 is still very much examination driven. Thus, including a summative FACS in our end of module examination would be likely to be beneficial to the course. Summative cases without feedback could be written and accessed for such an examination. As well-designed case scenarios are time-consuming to prepare, this would take time to develop. A bank of blinded cases would be needed and in this respect the sharing of case development between several medical schools would be beneficial. Facilities where a group of students could access the site in an examination setting would also have to be arranged.
The true measure of the success of our six anaesthesia FACS case scenarios is whether they increased student understanding of preoperative anaesthetic assessment and enhanced clinical decision-making skills. These higher learning skills are difficult to assess using the measures we have available. We have already shown that FACS was well used on our course despite being voluntary, but usage could be improved by making FACS compulsory or including a summative FACS in the end of module assessment. However, usage does not fully equate to learning and thus it is worthwhile to compare correlations with other measures of learning ( Table 6 ). The MCQ mark, which should reflect learning of the whole anaesthesia curriculum, showed very little correlation with our parameters of FACS usage. However, the case reports did correlate with FACS usage and interestingly, the second case report correlated better than the first. Thus, taking the time to write a good set of case reports and incorporating details of anaesthetic planning in the report appears to be related to time spent using our FACS site.
The students had to write two short case studies based on patients they had seen anaesthetised during their module. These case reports were designed to be focused, rather than descriptive, and had a section on how the patient's scheduled operation and medical condition influenced anaesthetic management. This section carried a sizeable proportion of the overall marks and thus reflected to some extent learning of clinical decision-making skills in respect to anaesthetic care. The average mark for the case reports was 11 and ranged from 6 to 18 out of 20. Therefore, just over half our students scored over 50%. Marks were allocated so that to achieve more than 50% the student needed to demonstrate some insight into anaesthetic planning of the case. Thus, it would be reasonable to conclude that at least half our students had gained some useful clinical reasoning skills. The correlation of these marks with anaesthesia FACS usage suggests that FACS may have contributed to the acquisition of these skills. Other indices of student performance, such as the final year surgery examination marks, were also available but were not analysed because they reflected overall learning, not learning specifically related to our course.
The average student spent about two to three hours (nine logins for 13 to 20 minutes) logged into the FACS system during the module (Table 3 ). This was equivalent to two tutorial or workshop sessions of which there are 12 on our course (Table 1) . Thus, FACS constituted about 15% of our total nonclinical teaching session time. As FACS requires no rostered teacher to administer, one can see its attraction for a busy clinical department with an undergraduate teaching program. However, the login times for FACS varied greatly between users indicating different patterns of student use and the distribution of login times had two distinct patterns of use (Figure 1) . About half the student logins lasted less than 10 minutes per completed case. Presumably these students focused only on passing the decision steps and completed the FACS as rapidly as possible. The other half of the students spent much longer on the FACS and in some instances spent over 60 minutes per case. Some of these logins could represent situations where a student was logged in but performed other activities while logged on. However, FACS was designed to log out after five minutes of inactivity. Thus it can reasonably be concluded that this second group of users were most likely exploring the FACS and thus using the FACS to its full potential. Under these circumstances the marks allotted for completion of the FACS are a poor indicator of whether learning is occurring. In fact when using FACS, some students will deliberately choose the wrong answer to access feedback.
Much has been written about computer technology and the medical curriculum. In general, this new technology has been used to enhance the running of medical courses and improve access to teaching material 8, 15 . In contrast, very little has been written about the use of computer technology to enhance higher learning skills such as clinical decisionmaking. Other than the original patient management problems which were used for testing 11, 12 , we are unaware of any project similar to FACS being published. They certainly do not exist in the anaesthesia literature and that which does exist refers to basic science applications, such as computer simulation of human physiology and pharmacology, or programs that provide three-dimensional views of human anatomy.
Since submission of this article, our FACS system has been used by our faculty as part of anaesthesia, medicine (electrocardiogram analysis) and general, orthopaedic, ENT and plastic surgery teaching. We have plans to write more FACS involving acute pain management and multiple-trauma scenarios. In the postgraduate area we have considered using FACS to teach the complex algorithms involved in managing the difficult airway. At least 12 medical schools worldwide have expressed an interest in FACS, one has used FACS for two years and the others access FACS sporadically. We have developed the FACS engine to support free text or written answers, and plans are underway to develop key word and phrase recognition, thus enabling FACS to objectively score written answers. The use of FACS requires a management system and a library of cases which are held on a server. FACS is currently web-based. The FACS platform is written using server site software so the system is easily transferable and could be used on a personal computer, but this would significantly limit the number of users. The current website is protected from outside users and access permission via the authors is required. FACS has limited commercial potential, which is its great advantage. given the open source nature of the FACS platform, users, by writing new scenarios or updating old ones, may enhance it and make it even better.
In conclusion, FACS is an e-learning resource that is interactive and facilitates higher learning. It can be applied successfully to disciplines less well represented in the medical curriculum, such as anaesthesia. FACS facilitated our teaching of preoperative assessment to a group of final year medical students. It was well received and shown to facilitate the learning of decision-making skills. Our students' usage of FACS could have been enhanced by making FACS compulsory and using summative FACS for assessment. FACS has the potential to be further developed and made available via the internet to medical schools worldwide.
